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(54) PIEZO-ELECTRIC ACTUATOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To realize an actuator that 
can prevent lead diffusion to a board in sintering lead 
type piezo-electric ceramic material, on the Si board and 
also has mechanical strength and high reliability. 
SOLUTION: An electric-mechanical converting element 
made of a piezo-electric material layer showing an 
electric-mechanical converting effect between an upper 
and lower electrode and the electrodes is mounted on a 
Si board. For an actuator to deform a part of the base 1 
according to a given electrical signal, a middle layer 2 
having more than one layer is formed between the 
electric-mechanical converting element. And the middle 
layer 2 is formed by a mono layer or plural layers 
composing of a function layer 2a touched with the base 
1. an anti-reactive function layer 2b, and a film stress 
reductive function 2c. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 




CLAIMS 

[Claim(s)] 

[Claim 1] It consists of a piezoelectric-material layer which shows the electric - machine 
conversion effectiveness inserted on the base a vertical electrode and this inter-electrode one 
In the electrostrictive actuator which allots electric-machine sensing-element section which 
transforms some bases according to the electrical signal given and by which the middle class of 
one or more layers is formed between a base and electric-machine sensing-element section The 
electrostrictive actuator characterized by consisting of a monolayer in which this interlayer has 
the adhesion stratum functionate with a base, the reaction prevention stratum functionale. and 
the membrane stress relaxation stratum functionale, or two or more layers. 
[Claim 2] It is the electrostrictive actuator characterized by for 1 micrometer or less of 
thickness of said adhesion stratum functionale being a metal oxide film 0.1 micrometers or less 
preferably in an electrostrictive actuator according to claim 1, and being the single crystal thin 
film which grew epitaxially to the orientation film or a substrate. 

[Claim 3] It is the electrostrictive actuator which said reaction prevention stratum functionale is 
a metal oxide film 0.2 micrometers or less preferably [ 2 micrometers or less of thickness per 
layer J in an electrostrictive actuator according to claim 1, and is characterized by consisting of 
crystal film with a magnitude [ of the microcrystal which can be found from XRD diffraction ] of 
50nm or more. 

[Claim 4] It is the electrostrictive actuator which said membrane stress relaxation stratum 
functionale is a metal oxide film 1 micrometer or less preferably [ 10 micrometers or less of 
thickness per layer ] in an electrostrictive actuator according to claim 1, and was characterized 
by porosity or becoming since amorphous. 

[Claim 5] The electrostrictive actuator characterized by being the partial stabilization said whose 
interlayer contained at least one oxide of an yttrium, a cerium, magnesium, and calcium, or the 
zirconium dioxide film by which full stabilization was carried out in an electrostrictive actuator 
according to claim 1 to 4. 

[Claim 6] The production approach of the interlayer of the piezo-electric actuator characterized 
by forming the zirconium dioxide film according to claim 5 by sputtering. 
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DETAILED DESCRIPTION 




[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the electrostrictive actuator using the 
piezoelectric device and piezoelectric device which are formed on Si substrate 
[0002] 

[Description of the Prior Art] There is a piezo-electric ink jet head which applies a pressure to a 
pressurized room and carries out the regurgitation of the ink droplet as an application of piezo- 
electricity / electrostriction component. In recent years, as for the ink jet head, the actuator 
configuration with which it asks, and the etching technique is established and high integration 
forms a pressurized room in cheap Si substrate of cost with a semi-conductor process or a 
micro-machining technique is devised. 

[0003] With the ink jet head of JP.8-25291 4,A, after forming Si02 film on a single crystal Si 
substrate and carrying out the laminating of elastic membrane and piezo-electricity / the 
electrostriction layer, the pressurized room for expulsion of an ink droplet was formed in Si 
substrate by anisotropic etching, BHF removed Si02 film further directly under a piezoelectric 
film, and the configuration and the manufacture approach that the effect by the counter diffusion 
of a piezoelectric film and Si substrate can be disregarded are proposed. 

[0004] In Japanese Patent Application No. No. 107296 [ nine to ], the lead diffusion prevention 
film with precise part or oxidization zirconia film by which full stabilization was carried out, 
cerium oxide film, etc. was formed on the single crystal Si substrate, and the configuration of the 
ink jet head which leaves Si directly under a piezoelectric film is proposed 
[0005] 

[Problem(s) to be Solved by the Invention] Many lead system electrostrictive ceramics 
ingredients, such as titanic-acid zircon lead (henceforth, PZT), are used for the piezoelectric- 
material layer of electric-machine sensing element. However, if annealing in the elevated 
temperature for sintering is performed for example, after forming PZT on Si substrate, lead will 
be spread on Si substrate and fusion by melting point lowering of Si02 currently formed in Si 
substrate front face will occur. 

[0006] Although invention which solved the above-mentioned problem by removing completely Si 
substrate directly under a piezoelectric film and Si02 film by etching etc., and forming an ink 
pressurized room is indicated in JP,8-252914,A, in order to pressurize only by elastic membrane 
and the electrode layer, there is a problem that a mechanical strength becomes weak, by this 
invention. 

[0007] In Japanese Patent Application No. No. 107296 [ nine to ], the mechanical strength for 
which a diaphragm is asked, and invention which can perform effective transfer of distortion of 
electric-machine transducer are indicated by forming the interlayer who consists of the precise 
part or the precise oxidization zirconia film by which full stabilization was carried out which 
prevents lead diffusion, cerium oxide film, etc. between electric - machine sensing element and a 
pressurized-room substrate, and setting the thin thick section of the pressurized-room section 
to 1-20 micrometers. However, although it is precise, and at least about 0.1 micrometers are 
possible if it is the perfect single crystal film which neither a defect nor a pinhole has when [ like 
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an epitaxial film ] forming an interlayer by the crystalline good monolayer since lead diffusion is 
prevented for example, film defects, such as a pinhole and a crystal defect, occur in practice, 
and the lead diffusion to Si substrate from there progresses. On the other hand, when the 
precise film which can prevent lead diffusion is thickly formed in a monolayer or a double layer, 
by the heat histories, such as piezoelectric-device baking, a crack progresses from a film front 
face and the lead diffusion to Si substrate occurs. The expulsion of an ink droplet by which the 
deflection of Si diaphragm by membrane stress was furthermore occurred and stabilized 
becomes difficult, and there is a problem that dispersion arises for every bit. 
[0008] In this invention, from the monolayer which has the adhesion stratum functionale with a 
base, the reaction prevention stratum functionale, and the membrane stress relaxation stratum 
functionale, or two or more layers, the reliable base interface middle class with sufficient 
mechanical strength is formed, and it sets it as the main purposes to offer the electrostrictive 
actuator using it and electric - machine sensing element. Invention of claim 2 is that the 
adhesion force characterized by being the orientation film which consists of a metallic oxide, or 
the single crystal thin film which grew epitaxially to the substrate arranges the large base 
adhesion stratum functionale. and aims at forming the high interlayer of a mechanical strength. 
[0009] Invention of claim 3 aims at forming a piezoelectric-material layer and the high interlayer 
of the reaction prevention effectiveness between bases by using the crystalline good metallic- 
oxide film precise as reaction prevention stratum functionale. Invention of claim 4 is arranging 
the membrane stress relaxation stratum functionale which negates the membrane stress 
produced from forming the precise reaction prevention film and the adhesion functional film, or is 
eased at an elevated temperature, and aims at making the whole interlayer's stress mitigate. 
[0010] Invention of claim 5 aims at forming the middle class with more high toughness and a 
mechanical strength by using a part or the zirconium dioxide film by which full stabilization was 
carried out as a middle class ingredient Invention of claim 6 aims at forming an interlayer more 
efficiently by using sputtering for interlayer formation. 
[0011] 

[Means for Solving the Problem] Invention of claim 1 consists of a piezoelectric-material layer 
which shows the electric - machine conversion effectiveness inserted on the base a vertical 
electrode and this inter-electrode one. In the electrostrictive actuator which allots electric- 
machine sensing-element section which transforms some bases according to the electrical signal 
given and by which the middle class of one or more layers is formed between a base and 
electric-machine sensing-element section It is the electrostrictive actuator which consists of a 
monolayer in which this interlayer has the adhesion stratum functionale with a base, the reaction 
prevention stratum functionale, and the membrane stress relaxation stratum functionale, or two 
or more layers. 

[0012] In an electrostrictive actuator according to claim 1, the thickness of said adhesion 
stratum functionale is desirable 1 micrometer or less, and invention of claim 2 is a metal oxide 
film 0.1 micrometers or less, and is an electrostrictive actuator which is the single crystal thin 
film which grew epitaxially to the orientation film or a substrate. 

[0013] In an electrostrictive actuator according to claim 1. said reaction prevention stratum 
functionale is [ 2. micrometers or less of thickness per layer ] desirable, and invention of claim 3 
is a metal oxide film 0.2 micrometers or less, and is an electrostrictive actuator which consists 
of crystal film with a magnitude [ of the microcrystal which can be found from XRD diffraction ] 
of 50nm or more. 

[0014] In an electrostrictive actuator according to claim 1, said membrane stress relaxation 
stratum functionale is [ 10 micrometers or less of thickness per layer ] desirable, and invention 
of claim 4 is a metal oxide film 1 micrometer or less, and since amorphous, it is porosity or a 
becoming electrostrictive actuator. 

[0015] Invention of claim 5 is an electrostrictive actuator which is the partial stabilization said 
whose interlayer contained at least one oxide of an yttrium, a cerium, magnesium, and calcium, or 
the zirconium dioxide film by which full stabilization was carried out in an electrostrictive 
actuator according to claim 1 to 4. 

[0016] Invention of claim 6 is the production approach of the interlayer of the piezo-electric 
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actuatdr which forms the zirconium dioxide film according to claim 5 by sputtering 
[0017] 

[Embodiment of the Invention] Below, the configuration of this invention is explained with 
reference to a drawing. The schematic diagram of the piezoelectric-device unit which can apply 
this invention to drawing 1 is shown. On a base 1, the piezoelectric-material layer 4 which shows 
the electric machine conversion effectiveness inserted between vertical electrode 3a and 3b 
with the interlayer 2 is formed, and some bases are made to transform to electric-field 
impression. Furthermore, as shown in drawing 2 , when the pressure room 5 is formed in some 
substrates 1 corresponding to a piezoelectric device and a nozzle plate 6 is joined to it, the ink 
jet piezo-electricity head by which the ink in a pressure room is breathed out is constituted from 
a nozzle 7 by the electric-field impression to an electrode. 

[0018] A base 1 has a high mechanical strength, and it is excellent in workability, and as long as 
it is an ingredient inactive with heat treatment and burning temperature, it is not regulated 
especially, and it may be Si base, or may be the ceramics, or you may be a metal, and it may 
consist of the structures by two or more ingredients. 

[0019] Elevated-temperature melting point noble metals, such as platinum and platinum group 
metals (Pd, Rh, Ir, Ru), and the electrode material which uses those alloys as a principal 
component are [ that what is necessary is just the conductor which bears the high- 
temperature-oxidation ambient atmosphere in heat treatment and burning temperature as an 
electrode material ] the most desirable from the point of stability. 

[0020] The PZT system ceramics is desirable in the piezoelectric-material layer 4 on a lower 
electrode layer, and can form 10 thru/or 20-micrometer thickness in it by one presswork using 
screen printing. It is calcinated in atmospheric air at the temperature of 700-1000 degrees C 
after desiccation. 

[0021] An interlayer 2 consists of adhesion stratum-functionale 2a [ with a base 1 ]. reaction 
prevention stratum-functionale 2b, and membrane stress relaxation stratum-functionale 2c. In 
order to heighten the reaction prevention effectiveness, two or more laminatings of the reaction 
prevention stratum-functionale 2b and membrane stress relaxation stratum-functionale 2c may 
be carried out like drawing 3 , and each reaction prevention stratum functionale and the 
membrane stress relaxation stratum functionale may consist of two or more film with each same 
function. It is precise and adhesion stratum-functionale 2a has the desirable thing which was 
formed by the spatter, CVD, etc. from the point of a mechanical strength and which is the high 
film of adhesion force. In order not to produce the stress distribution in about 1 micrometer and 
the film, as for thickness, it is desirable more preferably that it is 0.1 micrometers or less. For 
this reason, the thickness of the adhesion stratum functionale of this invention is the single 
crystal thin film which is a metal oxide film 0.1 micrometers or less preferably, and grew 
epitaxially to the orientation film or a substrate 1 micrometer or less. 

[0022] As for reaction prevention stratum-functionale 2b, it is desirable that it is the precise film 
formed by the spatter, CVD, etc. in order to prevent the lead diffusion from PZT which 
constitutes electric-machine conversion layer. As for thickness, it is more preferably desirable 
too that it is 0.1 micrometers or less about 1 micrometer. For this reason, the thickness of said 
adhesion stratum functionale of this invention is the single crystal thin film which is a metal 
. oxide film 0.1 micrometers or less preferably, and grew epitaxially to the orientation film or a 
substrate 1 micrometer or less, or [ that membrane stress relaxation stratum-functionale 2c 
negates the stress produced on the precise film ] — or it consists of the porosity or the 
amorphous film to absorb. Although about 10 micrometers may be formed by the spatter, CVD, 
the sol-gel method, and print processes, it is desirable that membranes are formed by 1 
micrometer or less by the spatter, CVD, etc. from a mechanical strength, productivity, and an 
actuator property. For this reason, said reaction prevention stratum functionale of this invention 
is a metal oxide film 0.2 micrometers or less preferably [ 2 micrometers or less of thickness per 
layer ], and consists of crystal film with a magnitude [ of the microcrystal which can be found 
from XRD diffraction ] of 50nm or more. In PZT burning temperature, it has resistance in an 
interlayer ingredient enough, and reactivity is low to lead and it is also desirable to use the 
partial stabilization or the zirconium dioxide film by which full stabilization was carried out 
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containing at least one oxide of the metal oxide film, MgO and Ge02, which has a high 
mechanical strength, Y203, aluminum203, SrTi03, MgO-aluminum 203, an yttrium with higher 
toughness, a cerium, magnesium, and calcium. [ for example. ] Moreover, as shown in the below- 
mentioned example, as for all the functional film that constitutes an interlayer. it is desirable to 
be formed by the common membrane formation approaches, such as a spatter, using the same 
ingredient at the point of productivity. 

[0023] (Example 1) Substrate temperature (850,650.500.150 degrees C) was changed using RF 
magnetron sputtering, introducing oxygen and an argon on Si (100) substrate, and the zirconium 
dioxide (8mol%Y203-Zr02) film (with. YSZ) stabilized with the yttrium was formed by 1000A in 
thickness. The result of having torn off the substrate adhesion force of each film and having 
measured it using law is shown in Table 1. The crystallinity of the YSZ film was so good that the 
substrate temperature at the time of membrane formation was high, and adhesion force also 
improved in connection with it. For example, when moving part is asked for the mechanical 
strength which can be equal to the drive with high frequency like an ink jet head, the high film of 
crystalline good adhesion force like the single crystal thin film which grew epitaxially to the 
orientation film or a substrate is desirable 
[0024] 
[Table 1] 
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[0025] (Example 2) In order to investigate the reactant correlation with the crystallinity of the 
reaction prevention film, and lead, the zirconium dioxide (40mol%CeO2-ZrO2) stabilized with 
cerium oxide was formed using RF magnetron sputtering, introducing oxygen and an argon on Si 
wafer (100) (substrate temperature of 850,650,500,150 degrees C). After printing a PbO paste 
and heating it 900 degrees C on the produced Ce02-Zr02/Si film for 2 hours, SIMS is used, and 
it is ** BE ** about lead diffusion of the depth direction. The result is shown in drawing 4 
Consequently, the lead diffusion depth at the time of forming membranes at 800 degrees C was 
the smallest at about 400A, membrane formation temperature was high, and the reaction 
prevention effectiveness that the crystalline (the XRD:RC method estimates) better film was 
more expensive was acquired. 

[0026] (Example 3) Next, in order to investigate the effectiveness of the membrane stress 
relaxation stratum functionale, 0.1 -micrometer epitaxial growth of the YSZ (8ol%Y203-Zr02) film 
is first carried out by the spatter on 4 inches Si wafer (100) on the substrate temperature of 850 
degrees C, and the membrane formation conditions of a 1x10 to 1 Pa pressure. Introducing 
oxygen, an argon, and nitrogen on it, by the substrate temperature of 750 degrees C and the 
pressure of 2Pa (Ar:02:N 2= 8:1:1), thickness is changed and the porous YSZ film is formed. 0.2 
micrometers of precise YSZ film were further formed on it on the substrate temperature of 850 
degrees C, and the membrane formation conditions of a 1x10 to 5 Pa pressure. The radius of 
curvature (the amount of substrate deflections) of Si wafer with which the laminating of the YSZ 
bipolar membrane was carried out is measured by Newton's ring observation, and the result of 
having investigated correlation of membrane stress relaxation functional layer membrane 
thickness and a membrane stress relaxation effect is shown in drawing 5 . When the porous 
membrane stress relaxation stratum functionale was not used, the compressive stress which was 
being committed to YSZ bipolar membrane was eased by forming the membrane stress relaxation 
stratum functionale in between, and the substrate deflection of Si wafer decreased. When it 
thinks from the point of an interlayer's mechanical strength, as for the thickness of the 
membrane stress relaxation stratum functionale per layer, it is desirable that it is 1 micrometer 
or less. 

[0027] (Example 4) In the YSZ film by which the laminating was carried out on the single crystal 
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Si substrate given in an example 3, on the interlayer / Si substrate which set the membrane 
stress relaxation stratum functionale to 0.5 micrometers, a platinum paste is screen-stenciled 
and 5 micrometers lower electrode 3a is formed. Then, 0.5Pb(nickel1/3Nb 2/3) O3-0.5Pb 
(Zr0.7Ti0.3) 03 (it abbreviates to>PNN-PZT hereafter) is screen-stenciled as a piezoelectric 
material on a lower electrode, and it calcinates at the temperature of 900 degrees C in 
atmospheric air in desiccation and a firing furnace for 2 hours for 30 minutes by 150 degrees C. 
The same PNN-PZT capacitor as the electrostrictive actuator configuration which formed 
silver-palladium by baking by screen-stencil, and showed up electrode 3b by drawing 1 is 
produced after PNN-PZT baking. Moreover, the same capacitor was formed on the YSZ (Serra 
FREX A) substrate (100 micrometers of board thickness) by the Japanese fine-ceramics 
company, and specific inductive capacity was measured and compared, respectively. 
Consequently, also by PZT formed on a YSZ interlayer / Si, the lead diffusion to Si substrate 
was not seen, but the good value of specific inductive capacity (epsilonr=2000) almost 
comparable as PZT formed on the YSZ substrate was acquired. This means that thick-film PNN- 
PZT which shows a good piezo-electric property has formed on Si substrate. 
[0028] (Example 5) When sputtering is used for interlayer formation, an epitaxial film, the 
orientation film, the amorphous film, and porous membrane can be easily formed only by changing 
substrate temperature, gas pressure, and a gas value with the same target. As shown in the 
example 3, it is possible to form each stratum functionale continuously with such combination, 
and the point of manufacture effectiveness to spatter membrane formation is desirable 
[0029] 

[Effect of the Invention] Effectiveness corresponding to claim 1 : In the electrostrictive actuator 
which can apply this invention By constituting the interlayer between a base / electric - 
machine conversion layer from the monolayer or double layer which has an adhesion function, a 
reaction prevention function, and a membrane stress relaxation function The lead diffusion from 
electric-machine conversion layer can be prevented, base adhesion force can ease the middle 
class's compressive stress strongly, and offer ****** can do the electrostrictive actuator of 
reliable high performance by it. 

[0030] Effectiveness corresponding to claim 2: By forming the high base adhesion layer of a 
precise mechanical strength, the electrostrictive actuator equipped with the more reliable middle 
class is realizable. 

[0031] Effectiveness corresponding to claim 3: By forming the precise reaction prevention 
stratum functionale, the actuator with which the reaction prevention effectiveness between a 
piezoelectric-material layer and a base was equipped with the middle class reliable high more is 
realizable. 

[0032] Effectiveness corresponding to claim 4: By forming porosity or the membrane stress 
relaxation stratum functionale which becomes since amorphous, the whole middle class's 
membrane stress can be eased and the actuator equipped with the more reliable middle class 
can be realized. 

[0033] Effectiveness corresponding to claim 5: By constituting from a zirconium dioxide by which 
stabilization or partial stabilization was carried out as a middle class ingredient, the actuator with 
which a mechanical strength and toughness were equipped with the middle class of high high- 
reliability and high performance is realizable. 

[0034] The operation effectiveness of claim 6: By forming the zirconium dioxide film which 
serves as the middle class by the spatter, dependability can produce the cheap high middle class 
of cost. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is drawing showing roughly the piezoelectric-device unit which can apply this 
invention. 

[Drawing 2] It is drawing showing roughly the ink jet piezo-electricity head using the 
piezoelectric-device unit of this invention. 

[Drawing 3] It is the same drawing as drawing 1 which shows other examples of a piezoelectric- 
device unit. 

[Drawing 4] It is drawing showing correlation of the membrane formation temperature of a 
substrate, and the lead diffusion depth. 

[Drawing 51 It is drawing showing the thickness of the membrane stress relaxation stratum 
functionale, and correlation of a membrane stress relaxation effect. 
[Description of Notations] 

1 [ — The reaction prevention stratum functionale 2c / — The membrane stress relaxation 
stratum functionale, 3 / — An electrode, 3a / — A bottom electrode, 3b / — A top electrode, 
4 / — A piezoelectric-material layer, 5 / — A pressure room, 6 / — A nozzle plate, 7 / — 
Nozzle. ] — A base, 2 — An interlayer, 2a — The adhesion stratum functionale, 2b 
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